Abstract: Efficient and wise management of freshwater resources in South Africa has become critical because of the alarming freshwater scarceness. The situation requires a thorough examination of how water is utilized across various departments that use water. This paper reports on an examination of the water footprint and economic water productivities of the wheat-bread value chain. The assessment methodology of the Water Footprint Network was employed. The findings reveal that 954.07 m 3 and 1026.07 m 3 of water are utilized in the production of a ton of wheat flour in Bainsvlei and Clovelly in South Africa. The average water footprint for wheat bread was 954.53 m 3 per ton in Bainsvlei and 1026.53 m 3 per ton in Clovelly. More than 99% of the water is used in producing the grain at the farm level. The processing stage of the value chain uses less than 1% of the total water footprint. About 80% of all the water utilised along the wheat bread value chain is attributed to blue water. The findings revealed a significant shift from green water consumption to higher blue water use, and this is a major concern for water users and stakeholders along the wheat-bread value chain, given that blue water is becoming scarce in South Africa. The groundwater contributes about 34% and 42% of the average total water footprint of wheat at the farm level in Clovelly and Bainsvlei, respectively, suggesting the need to have an idea of the contribution of groundwater in water footprint evaluation and water management decision of farmers. This insight will aid in minimizing irrigation water use and pressure on groundwater resources. A total of ZAR 4.27 is obtained for every m 3 of water utilized along the wheat-bread value chain. Water footprint assessment has moved away from sole indicator assessment, as a deeper awareness of and insight into the productive use of water at different stages has become vital for policy. To make a correct judgment and to assess the efficient and wise use of water, there is a need for catchment-or region-specific water footprint benchmarks, given that water footprint estimates and economic water productivities vary from one geographical area to another.
Introduction
Freshwater is a renewable resource, but, when considering its availability regarding unit per time per region, the limitations of this resource cannot be ignored [1, 2] . In global terms, agriculture accounts for 99% of freshwater consumption [3] and is therefore considered as the single largest freshwater user globally. Hoekstra and Chapagain [4] show that visualizing the amount of water used in producing products can further increase our understanding of the global picture of freshwater a water footprint assessment of winter wheat and derived wheat products in Sweden. Ababaei and Etedali [20] calculated the water footprint of wheat produced without irrigation in Iran.
None of these studies considered an assessment of the water footprint along the entire wheat value chain in South Africa. For instance, Le Roux et al. [21] evaluated the water footprint of wheat in South Africa, but they only focused on quantifying the water footprint at the farm level, without considering water utilization along the entire wheat-bread value chain. Nonetheless, Mekonnen and Hoekstra [3] quantified the water footprint of wheat for several countries not excluding South Africa. Additionally, Mekonnen and Hoekstra [16] evaluated the water footprint of several crops and derived crop products worldwide, including South Africa. Their estimates were reported at the national and provincial levels, and, as such, there is no current information on the water footprint of wheat at the catchment-specific level in South Africa. Catchment-or regional-specific estimates are needed to better inform water managers and policy makers about water management policies across different regions. Also, it has been found that catchment-or region-specific water footprints vary from national footprint estimates [22, 23] .
Furthermore, no current studies examined the economic water productivity of bread along its respective value chain, which include farm level, milling, and bakery stages, in South Africa. Aldaya et al. [5] estimated the economic water productivity of wheat in Central Asia. Similarly, Chouchane et al. [24] and Zoumides et al. [25] added water productivities evaluation when assessing the water footprint of crops in Tunisia and Cyprus, respectively. The main objective of this study was to account for the water footprint and economic productivity of water along the wheat-bread value chain. The present study contributes to the existing literature on water footprints and economic water productivities of crops. The water footprint estimates calculated from this study can act as benchmarks for the catchment area considered in this study. The findings of this study can potentially advise policymakers and water users on economically efficient and sustainable water management strategies.
Methodology

Choice of Theoretical Framework and Models
This study followed the water footprint concept of Hoekstra et al. [8] . The definition of blue, green and grey water footprints followed that of Hoekstra et al. [8] in the Water Footprint Assessment Manual. The study employed this method because it involves several dimensions, showing the sources of water utilization in quantities [26] . The conceptualization procedure of the study is presented in Figure 1 .
According to the water footprint concept adopted in this study, the water footprint can be calculated in four phases, namely, goal setting, water footprint accounting, sustainability assessment and formulation of response [8] . However, in this study, our third phase focuses on water productivity assessment. In the first phase of this study, the step-wise accumulation approach was followed because, along the wheat value chain, each output product serves as an input for the next product. The total water footprint will include proportional water footprints of the various inputs within the value chain [8] . The analysis was for a single production year.
The step-wise accumulation approach is expressed empirically in Equation (1) . By this approach, the water footprint of wheat bread (W), which the main output product, is stated to be made from z inputs (e.g., wheat, flour, etc.). We denote the z inputs to range from j = 1 . . . z. Given that z inputs are utilized to produce w wheat products, we denote the different wheat output products as W = 1 . . . w. The wheat products' (W) water footprints are specified as: The step-wise accumulation approach is expressed empirically in Equation (1) . By this approach, the water footprint of wheat bread (W), which the main output product, is stated to be made from z inputs (e.g., wheat, flour, etc.). We denote the z inputs to range from j = 1… z. Given that z inputs are utilized to produce w wheat products, we denote the different wheat output products as W = 1…w. The wheat products' (W) water footprints are specified as:
[W] [8] . Thus, the water footprint of wheat along the product cycle at the farm level is the sum of a process water footprint of the different sources of water used in production according to Aldaya and Hoekstra [6] and Ababaei and Etedalie [20] . The process water footprint is specified as: 
The blue, green, and grey water footprints of wheat at the farm level are denoted as [8] . In this paper, blue water use was categorized into surface and groundwater sources. This will give an idea about the proportion of water extracted from the ground and surface according to Hoekstra et al. [8] . [8] . Thus, the water footprint of wheat along the product cycle at the farm level is the sum of a process water footprint of the different sources of water used in production according to Aldaya and Hoekstra [6] and Ababaei and Etedalie [20] . The process water footprint is specified as:
The blue, green, and grey water footprints of wheat at the farm level are denoted as WF proc,blue,green,grey [W] . The blue component of the water footprint is represented by CWU blue Y t , where CWU blue represent the blue water used in producing wheat and Y t is wheat yield [8] . In this paper, blue water use was categorized into surface and groundwater sources. This will give an idea about the proportion of water extracted from the ground and surface according to Hoekstra et al. [8] .
The green component of the water footprint is represented as
and CWU green indicates the green water used in producing wheat [8] . The crop water use components in Equation (2) summed the daily evapotranspiration over the complete growing period of the wheat crop [8] and are stated empirically as:
ET blue,green characterizes the blue and green water evapotranspiration. The water depths are changed from millimetres to volume per area by using the factor 10 [8] . The last part of Equation (2) is the grey water footprint component. This is calculated by taking the chemical application rate for the field per hectare (AR, kg/ha) and multiplying by the leaching-run-off fraction (α). The product is divided by the difference between the maximum acceptable concentration (c max , kg/m 3 ) and the natural concentration of the pollutant considered (c nat , kg/m 3 ) [8] . It is worth mentioning that grey water was not used at the processing stage. Grey water was only used at the farm level and the pollutant considered is nitrogen.
At the milling stage, the water footprint of flour is specified as in Equation (5):
where TWU mill is the total water used to produce a given quantity of flour (Q flour ) and at the water utilized at the bakery (TWU bakery ) for a given quantity of bread (Q bread ) is specified as in Equation (6).
The total water footprint of bread along the wheat-bred value chain is a combination of all the footprints in this value chain. After calculating the water footprint (WF prod [W]), we estimated physical water productivity (PWP) of the output products (W) in kilograms per cubic meter, expressed as:
Subsequently, we estimated the economic water productivities for the different outputs at different stages by multiplying the physical water productivity by the monetary value added to each w output per kilogram. The value added to the output products along the value chain is calculated by subtracting the cost per kilogram of w from the sales revenue obtained from selling one kilogram of w at each stage of the value chain [27, 28] . Consequently, the value added to the output product (w) becomes the total revenue of the output product minus the cost of all intermediate inputs (z) used to produce it. Let the value added to w at a specific stage of the value chain be represented by VAD jvc [W] and specified as:
where Rev jvc (W) represents sales revenue attained from one kilogram of w and Cost jvc (W) denotes all intermediate inputs costs, including the cost of water usage, capital, land, labour, feed, taxes, conveyance, packing, fuel, repairs and maintenance, etc. The sum of the value added at each stage of the product cycle became the total value added (TVAD[W] vc ), stated as:
Value added to water along the wheat-bread value chain is quantified as the ratio of the value added to the output product (w) at a given stage over the volume of water used at that stage [27, 28] . From this, we calculated the marginal value of water MVAD[water] as the partial derivative of total value added (TVAD jvc ) with respect to water use (WU jvc ):
The marginal value added to water is then multiplied by physical water productivity to attain the economic water productivity according to Chouchane et al. [24] and Owusu-Sekyere et al. [28] :
Data Description
This paper employed primary data that cover the wheat-bread value chain. Data on water usage for wheat production were sourced from Van Rensburg et al. [29] , who conducted a lysimeter experiment to solicit spatiotemporal data from the Vaalharts and Orange-Riet regions. This study made use of actual measurements through a lysimeter trial to avoid any assumptions that come with water use models. The experiment consisted of five treatments replicated three times, and an average was taken to represent each sample. The cultivars used were selected by their wide use in all the central parts of South Africa. Aboveground biomass was harvested when the crops were dry by cutting it just above the soil surface. The lysimeter trial evaluation procedure for the different treatments employed in the two study areas captured data on groundwater levels, irrigation, drainage and changes in soil moisture content.
The lysimeter procedure consisted of five treatments for groundwater levels, namely, no groundwater considered (control), one meter to constant, 1.5 m to constant, one meter to falling, and 1.5 m to falling. The results are presented in Table 1 . Table 1 presents the recorded data used in the estimation of the blue and green water footprints. Cum. ET = cumulative evapotranspiration; R = effective rain; I + R = irrigation and rain; I = irrigation; G = groundwater; DM = dry matter. Source: Authors' calculations.
The data used in the estimation of grey water footprints are presented in Table 2 . The nitrogen (Kg N/ha) and phosphorus fertilization (Kg P/ha) were based on targeted yields under irrigation. The wheat farmers usually apply nitrogen and phosphorus fertilizers. Some farmers apply potassium fertilizers. However, in this trial, only nitrogen and phosphorus fertilizers were considered. The leaching runoff coefficients of nitrogen for the two areas are 0.074 and 0.138 whereas those of phosphorus were 0.080 and 0.280. The nitrogen application rates were presented for different potential yields. The target yields range from 2-5 tons per hectare to above 8 tons per hectare, with corresponding nitrogen application rates ranging from 80-130 kg N/ha to 200+ kg N/ha. Prior to the phosphorus application, the soil phosphorus status was examined to know the quantity of phosphorus to apply. The quantities of phosphorus already in the soil were categorized into less than 5 mg/kg, 5-18 mg/kg, 19-30 mg/kg and above 30 mg/kg. The application rates of phosphorus varied depending on the amount that is already available in the soil. Soils with less than 5 mg/kg received a higher amount of phosphorus, followed by 5-18 mg/kg with soils containing above 30 mg/kg receiving the least amount of phosphorus applied. The field trial captured data on evapotranspiration (ET), rainfall, irrigation, ground and surface water consumed by the crop, as well as yield in Bainsvlei and Clovelly. From Table 1 , it can be seen that the yield of wheat from the different trials varied depending on the scale of measurement, ranging from 9881 to 10,458 per hectare in Bainsvlei, and between 8375 to 9161 kg per hectare in Clovelly. The cumulative ET, crop total evapotranspiration, indicates the crop water requirement. Bluewater is further distinguished as either surface or groundwater. The average crop water requirement (Cum. ET) is between 880 mm and 954 mm in Bainsvlei and between 824 mm and 869 mm in Clovelly. Effective rainfall in this period was only 183 mm per annum. Figure 2 shows the map of the catchment area where the study took place. At the processing level, primary data were acquired through a questionnaire from a bread milling company that has a total of five mills and 15 commercial bakeries across South Africa. Data collected from this source included the quantities of wheat milled, quantities of flour used, volumes of water used to produce a specified quantity of flour and bread, as well as total water used at the mill and bakery. Also, the cost of water and the prices of wheat, flour and bread were obtained. Thus, production costs and income received along the flour-bread supply chain were known. In the At the processing level, primary data were acquired through a questionnaire from a bread milling company that has a total of five mills and 15 commercial bakeries across South Africa. Data collected from this source included the quantities of wheat milled, quantities of flour used, volumes of water used to produce a specified quantity of flour and bread, as well as total water used at the mill and bakery. Also, the cost of water and the prices of wheat, flour and bread were obtained. Thus, production costs and income received along the flour-bread supply chain were known. In the case of wheat, the producer prices were obtained from GrainSA [31] .
Results and Discussion
Water Footprint of Wheat Production at the Farm Level in Bainsvlei and Clovelly
The estimated water footprint of the two areas is presented in Table 3 . The results show that, for all the trials and the control, wheat production uses more blue water relative to green water. In Bainsvlei, blue water ranged from 7200 m 3 to 7930 m 3 , whereas that of Clovelly ranged from 6490 m 3 to 7100 m 3 . This shows that the crop water use in Bainsvlei is higher than that of Clovelly. For both study areas, the blue water use for the control group was lower than the trial estimates. In addition, the blue water use for the control group in Bainsvlei was 6810 m 3 per hectare, and that of Clovelly was 6510 m 3 per hectare.
Regarding the water footprint, the results show that the blue water footprint was higher than the green water footprint. This implies that wheat farmers in the two areas rely mostly on blue water resources. The green water footprint in Bainsvlei ranged from 174 m 3 per ton to 185 m 3 per ton. The blue water footprint from the surface fluctuated from 179 m 3 per ton to 272 m 3 per ton in Bainsvlei for the treatment group, while the blue water footprint from the groundwater ranged from 432 m 3 per ton to 576 m 3 per ton for the treated group in Bainsvlei. This suggests that much of the blue water footprint arises from groundwater resources. Regarding percentage usage, the results show that the proportion of groundwater used is about 37% to 69% of the total blue water footprint in Bainsvlei. The grey water footprint in Bainsvlei ranged from 52 to 55 cubic meters per ton, suggesting that about 52 to 55 cubic meters are required to reduce nitrogen and phosphorus pollutants to ambient levels. The total water footprint in Bainsvlei ranges from 928 to 983 m 3 per ton. The total water footprint for the control is lower than that of the treated groups. These water footprint estimates are lower relative to the global average water footprint of 1827 m 3 per ton reported for wheat by Mekonnen and Hoekstra [16] . At the national level, the water footprint of wheat in South Africa was found to be 1363 m 3 per ton for the period of 1996-2005 [16] , whereas our findings revealed a range of 928 to 983 m 3 per ton.
In Clovelly, the green water footprint ranged from 199 to 218 m 3 per ton. In terms of blue water footprint, the results indicate that the blue water footprint from the surface ranges from 273 to 388 m 3 per ton for the treated group, while the blue water footprint from the ground ranges from 370 to 471 m 3 per ton for the treated group. The volume of water utilized to reduce the nitrogen and phosphorus pollutants to ambient levels ranged from 54 to 60 cubic meters. The total water footprint in Clovelly ranges from 993 to 1053 m 3 per ton. For the surface blue water footprint, we observed that the water footprint for the control group was higher than for the treated group. Furthermore, it is clear from the results that the total water footprints vary in the two areas and for the different treatments. Further, the total water footprint estimates for wheat in Clovelly are lower than the global and South African averages reported by Mekonnen and Hoekstra [16] .
From the results, it was found that the water footprint estimates for the control and treatment groups in Clovelly were higher than those of Bainsvlei. The high water footprint in Clovelly may be attributed to the low wheat yield compared with the Bainsvlei yield per hectare. The high water footprint can also be attributed to the high surface water (irrigation) utilization in Clovelly relative to the irrigation water usage in Bainsvlei. Also, more groundwater was used in Bainsvlei relative to Clovelly. This may be attributed to the high water-holding capacity of the soil in Bainsvlei. The average water footprint of wheat in Bainsvlei was 954 m 3 per ton, and that of Clovelly was 1026 m 3 per ton. In Bainsvlei, the average green water footprint was found to be 180 m 3 ton −1 , and this accounted for only 19% of the total average water footprint in this region. The average blue water from the surface (323 m 3 per ton) accounted for about 34%, and that from the groundwater (398 m 3 per ton) accounted for about 42% of the average total water footprint in Bainsvlei. In Clovelly, the average green water footprint was found to be 208 m 3 per ton, and this accounted for about 20% of the average total water footprint. The average blue water footprint from the surface (irrigation) and ground was 418 m 3 per ton and 344 m 3 per ton, respectively. These estimates accounted for 41% and 34% of surface and groundwater, respectively. Generally, the average blue water footprints in Bainvlei and Clovelly are 721 m 3 per ton and 762 m 3 per ton, respectively. Table 4 presents the blue water footprint benchmarks for wheat production at different groundwater levels in the Vaalharts and Orange-Riet regions. In this section, we estimated water footprints for a control group where irrigation was done without considering the water from the ground. Secondly, four treatments for different groundwater levels were considered. Figure 3 presents the different ground water levels considered in this study. The results indicate that the yield of wheat varies depending on the level of groundwater available to the crop and this impacts on the water footprint estimates. The blue water footprints calculated for the two areas can act as a benchmark for water utilization in wheat production in Bainsvlei and Clovelly soils. In Bainsvlei, the results indicate that without considering the groundwater, 688 m 3 per ton of blue water from the surface is required. However, with the consideration of blue water from the ground, the results indicate that farmers will require between 179 to 272 cubic meters of water from the surface (irrigation) to produce a ton of wheat in the study area. This is because about 434 to 576 m 3 per ton is contributed by groundwater. In Bainsvlei, the optimal blue water footprints for 1 m-Constant, 1.5 m-Constant, 1 m-Falling and 1.5 m-Falling groundwater levels are 755 m 3 per ton, 743 m 3 per ton, 714 m 3 per ton and 706 m 3 per ton, respectively. About 61% to 76% of the total blue water footprint is from groundwater. This provides the rationale for the consideration of available groundwater contribution to crop water requirement. This gives an understanding of how the groundwater is depleted.
Blue Water Footprint Benchmarks and Economic Water Productivities at the Farm Level
Similarly, in Clovelly, the results indicate that 775 cubic meters of blue water from the surface (irrigation) are required to produce a ton of wheat, without accounting for water from the ground. When the groundwater levels were considered, it was revealed that the total blue water footprint for the different groundwater levels ranges from 731 to 789 m 3 per ton. Nonetheless, about 370 to 471 m 3 per ton of the total blue water footprint originated from the groundwater source, emphasizing the significant contribution of water from the ground to total water footprint. In Bainsvlei, the optimal blue water footprints for 1 m-Constant, 1. from the two areas imply that without considering the groundwater and the volume of water it provides to the root zones of crops, water will be utilized inefficiently.
We calculated economic water productivities for both surface and groundwater utilization to understand the how much can be saved in monetary terms of if the contribution of water from the ground is taking into consideration. The results indicate that in Bainsvlei, only 5.81 ZAR is attained per cubic meter of water used without considering contribution from the ground (controlled). When the contribution of the ground was accounted for, about 14.71 to 22.35 ZAR m 3 can be attained due to the reduced surface irrigation requirement and cost of irrigation. The water from the ground can contribute about 12.31 to 13.78 ZAR m 3 as indicated in Table 4 . In Clovelly, an amount of 5.16 ZAR is attained per cubic meter of water used for the control group. When the contribution from the ground was considered, about 10.31 to 14.65 ZAR was attained per cubic meter of blue water (surface) used. The increase in economic water productivities was as a result of reduced irrigation cost due to water contribution from the ground. Economic water productivities from the ground range from 11.18 to 12.80 ZAR. The results imply that it is economical to account for water contribution from the ground when taking water management decisions at the farm level.
Given that blue water from the surface (irrigation) contributes to the production cost, it can be said that adoption of objective irrigation which takes into account volume of water available to the crop from the ground before irrigating is more efficient and economical. Thus, objective irrigation scheduling conserves water (better utilization of rainfall and shallow groundwater as water sources) relative to subjective irrigation scheduling.
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Water Footprint at the Processing Stage of the Wheat-Bread Value Chain
In this section, water footprint estimates are calculated for wheat flour and bread. The results are presented in Table 5 . Water utilization at the processing level of the value chain consisted of the volume of water utilized at the milling and bakery units. Given the volume of water used in the milling process and the mass of flour produced, the water footprint of wheat flour at the milling stage was found to be 0.07 m 3 per ton. At the bakery stage, 0.46 m 3 of water was utilized to produce a ton of bread. Summing the water footprint of the milling and bakery stages resulted in 0.53 m 3 per ton. The physical and economic water productivity of the individual products involved in this value chain is presented in Table 6 . We found that wheat is considerably high in terms of physical and economic productivities. Therefore, more value is created per m 3 of water utilized to produce the grain than for other products, such as wheat flour and bread, along the wheat-bread value chain. The physical water productivity estimates show that 1.037 kg of wheat is gained per cubic meter of water utilized. Also, 0.014 kg of flour and 0.022 kg of bread are gained per cubic meter of water utilized at the milling and bakery stages, respectively. In the case of value addition, results indicated that the total value added to wheat along the wheat-bread value chain is ZAR11.43 per kilogram. Of this amount, the highest value was added in the milling stage, followed by the farm-level and bakery stages. Regarding percentage contribution to the total value added, the results indicate that about 65% of the value is from the processing level and only 35% is from the farm level (see Table 7 ). Economically, more value is obtained per cubic meter of water used at the farm gate, followed by the milling stage and bakery stage. Summing the water footprint of the different stages resulted in an average total water footprint of 954.07 m 3 per ton and 954.53 m 3 per ton for wheat flour and bread, respectively, in Bainsvlei. In Clovelly, the average water footprint for wheat flour and bread are found to be 1026.07 and 1026.53 m 3 per ton, respectively.
Conclusions and Implications
The efficient and sustainable management of freshwater resources in South Africa has become a critical policy issue in recent years because water scarcity in the country is becoming alarming. The situation requires a thorough examination of water utilization. One of the sectors that is gaining particular attention is the agricultural sector because it is known to utilize more freshwater, globally. This paper examined the water footprint of the wheat-bread value chain, with a particular emphasis on the contribution of groundwater.
From the findings of the study, it is concluded that it takes 991 m 3 of water to produce one ton of bread in the Vaalharts and Orange-Riet regions of South Africa. The water footprint estimates obtained for wheat flour and bread in this study are lower than the global and national averages reported by Mekonnen and Hoekstra [16] . In Bainvlei and Clovelly, the total water footprint estimates for wheat flour are 31% and 26% lower than the South African average reported from 1996 to 2005 [16] . For bread, the total water footprint estimates for Bainvlei and Clovelly are 21% and 15% lower than the national average reported for South Africa. The water footprint of wheat in the study areas is lower than the global average. This may be attributable to the high yields. Higher yields result in low water footprint estimates. Blue water footprint accounted for about 80% of the total water footprint of bread.
Although the total water footprints in these areas are significantly lower, what is crucial for policy concerns is the share of the blue WF which is much larger than in the study of Mekonnen and Hoekstra [16] from 1996 to 2005. For instance, the current blue water footprint estimates for wheat in Bainvlei and Clovelly are about 68% and 69% higher than the blue water footprint for estimated for the period of 1996-2005. From 1996 to 2005, much of the water used in wheat production was green water, suggesting that there has been a significant shift from green water usage to higher blue water consumption over the years. This might be as a result of changes in climate and rainfall patterns over the years. The significant differences support the rationale for area-specific estimates and seasonal evaluation of water footprints to understand the dynamics of water consumption.
The shift to higher blue water consumption is a major concern for water users and stakeholders along the wheat-bread value chain, given that blue water is becoming scarcer in South Africa. Therefore, it is important that wheat farmers adopt good farm management practices that will continue to improve wheat yields. Such practices can include the adoption and breeding of high-yielding wheat cultivars which are drought resistant.
The water utilized in the processing stage is insignificant, as it accounts for less than 1% of the total water footprint and as such, much attention should be paid to water consumption at the farm or production level. We conclude that the water footprint of wheat varies from one production area to another and from season to season.
Of further importance is the conclusion that groundwater contributes about 34% and 42% of the average total water footprint in Clovelly and Bainsvlei, respectively. This provides the rationale for the consideration of the contribution of water from the ground to total water footprint. Previous studies aggregated blue water footprint without an indication of the proportion contributed by the ground water source [6, 17, 19] . Meanwhile, an understanding of this contribution to ET can help minimize irrigation water usage and also reduces the cost of production since blue water is a constituent of production cost. Our findings support the idea that the adoption of objective irrigation scheduling conserves water through the better utilization of rainfall and shallow groundwater available to the root zone of crops. This approach is also proven to be economically efficient regarding water usage. The depth of the groundwater has a significant influence on the contribution of groundwater to the total blue water footprint and, as such, the depth of the groundwater should be examined. Furthermore, it is revealed that the total water footprint varies in the two areas and for different groundwater levels. It is worth concluding that, by not accounting for the water available to the crop (controlled) from the ground, more blue water will be applied and this leads to an upsurge in the blue water footprint (surface).
More value is gained at the farm gate, followed by the milling stage and the bakery stage for every m 3 of water utilized. Also, we conclude that more value is added to wheat at the milling stage, followed by the farm gate and bakery stages. The study recommends that to minimize blue water utilization, wheat farmers should investigate the groundwater levels and to know the water available to the crop before irrigation. In other words, accounting for the water contribution of groundwater to the total water footprint will provide a better understanding of water utilization in crop production and how it influences the surface water needed. Secondly, objective irrigation scheduling can be adopted to reduce irrigation water usage. Wheat farmers and breeders can rely on drought-resistant wheat varieties or cultivars that can depend on the available rainfall and available water from the ground. Generally, water footprint assessment has moved away from sole indicator assessment, and a deeper awareness of the productive usage of different sources of water has become vital for policy.
Given the absence of benchmarks or metrics for different catchment areas in South Africa, our findings can potentially act as blue water footprint benchmarks for wheat production in Bainsvlei and Clovelly, particularly for the same ground water levels in Bainvlei and Clovelly. A similar assessment should be conducted in other regions or catchment areas to make a correct judgment and to assess the efficiency and wise use of water, given that water footprint estimates and economic water, productivities vary from one geographical area to another. This will help in achieving the objective of the National Water Research bodies, which seeks to achieve sustainable and efficient water use for the benefit of all users. Finally, we recommend the inclusion of economic water productivities as well as value addition to a water footprint assessment along a given production chain. 
